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ABSTRACT Until 2001, the Chinese Territory of Macao had not registered any autochthonous 
dengue cases, despite the abundance of Aedes albopictus (Skuse), a known vector. This work describes 
a bioecological characterization of the local Ae. albopictus adult population, with the purpose of 
estimating the receptivity of Macao to dengue introduction. In the wet seasons of 1997 and 1998 and 
the dry season of 1998, Ae. albopictus was the most abundant human-biting mosquito. Daily biting rates 
of 314 mosquitoes per person were recorded in the wet season with a reduction to 94 in the dry season. 
Ae. albopictus was mainly exophagic and exophilic and had a human blood Índex of 44%. The parity 
rate of field-collected mosquitoes was 57%. Daily survival rate ranged from 91 to 97%. Estimates of 
vectorial capacity ranged from 144 to 880, depending on what parameter valúes were used. These 
estimates indicated a great receptivity for the introduction of dengue viruses, as the 2001 outbreak 
carne to prove. 
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Macao, situated close to Hong Kong in southeastern 
China (22° 14' N, 113° 35' E), borders endemic areas 
for dengue viruses (Flaviviridae: Flavivirus ), but 
never registered transmission of this virus until 2001, 
despite harboring Aedes (Stegomyia) albopictus 
(Skuse, 1894), one of the most competent dengue 
vectors (Easton 1994). In 2001, an outbreak with 1,418 
cases occurred (Lim 2002, Maia Trindade 2002). 

Previous surveys in Macao revealed Ae. albopictus as 
one of the most abundant mosquitoes since its first 
record in 1990 (Ramos 1990,1994; Ramos et al. 1997). 
Ae. albopictus is originally a Southeast Asían mosquito, 
and in recent years it has become cosmopolitan due to 
its introduction by human worldwide (Knudsen 
1995). Macao has a tropical moist, or monsoon climate 
that favors a high quantity and diversity of mosquito 
habitats, particularly for Ae. albopictus (Ramos et al. 
1997, Novo 2000). The common dengue vector Ae. 
( Stegomyia ) aegypti (Linnaeus, 1762) is absent from 
Macao, having only been recorded once, in 1921 (Le- 
itáo 1921; Ramos 1990, 1994; Ramos et al. 1997). 


1 Medical Entomology Unit, Instituto de Higiene e Medicina Trop¬ 
ical, Universidade Nova de Lisboa, Rúa da Junqueira 96, 1349-008 
Lisboa, Portugal. 

2 Instituto de Investigado Científica Tropical, Rúa da Junqueira 14, 
1300-343 Lisboa, Portugal. 

3 Centers for Disease Control and Prevention, División of Vector- 
Borne Infectious Diseases, P.O. Box 2087, Fort Collins CO 80521. 

4 Deceased. 


Ae. albcyfnctus has been the focus of entomologists, 
virologists, and public health workers because it is a 
highly competent vector for several arboviruses, in- 
cluding the four dengue virus serotypes (Hawley 1988, 
Mitchell 1995b). Dengue viruses are endemic in coun- 
tries surrounding Macao, such as Thailand, Vietnam, 
and mainland China (WHO 2002). Diseases caused by 
dengue viruses are reportable in most countries, al- 
though perhaps only a small proportion of cases are 
reported to World health Organization (WHO 2002). 
In Southeast Asia, dengue hemorrhagic fever (DHF) 
cases have been increasing from an annual rate of 
<10,000 in the 1950s and 1960s to >200,000 in the 
1990s (Gibbons and Vaughn 2002). It is estimated that 
each year 50 million cases of dengue fever with 500,000 
cases of DHF, occur around the world with at least 
12,000 deaths (WHO 2002). 

The absence of autochthonous dengue transmission 
in Macao was puzzling, given the proximity of dengue 
endemic areas and the abundance of Ae. albopictus. 
The construction of an international airport in Macao, 
in 1996, with the consequent rise in movement of 
people to and from neighboring dengue endemic 
countries, increased the risk of outbreaks consider- 
ably. To better understand the risk of dengue trans¬ 
mission in Macao, we characterized the bioecology of 
the adult population of Ae. albopictus in 1997-1998, 
with the objective of estimating Macao’s receptivity to 
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dengue, before any locally transmitted dengue fever 
cases had been reported. 


Materials and Methods 

StudyArea. Macao (population 435,000) hasanarea 
of 21 km 2 situated in the Pearl River delta. The study 
area involved the Macao península (7.5 km 2 ), on 
which the city is located, and where 90% of the pop¬ 
ulation lives, and two islands, Taipa (5.8 km 2 ) and 
Coloane (7.8 km 2 ). Mean annual temperature is 20°C, 
mean annual relative humidity ranges between 75 and 
90%, and total annual precipitation is 1,000-2,000 mm. 

The terrain is predominantly granitic with consid¬ 
erable alluvial deposition that has increased its area as 
well as artificial drainage that has permitted increased 
construction, particularly in the city of Macao and in 
Taipa. Macao is hilly (máximum altitude 160 m above 
sea level) with scattered luxuriant gardens and for- 
ested areas on the islands (Dias et al. 1994). The 
vegetation is mainly oriental evergreen forest, with 
some shrubby and mangrove swamp areas (CMI and 
IICT 1991, Dias et al. 1994, Hao 1997). 

Mosquito Collections. Mosquito collections oc- 
curred during three fíeld trips, two at the end of the 
rainy season (September-October, 1997 and 1998) 
and one at the end of the dry season (March 1998). 
The wet season, from April to September, is charac- 
terized by an average monthly precipitation of 150- 
200 mm and mean temperature of 25°C, whereas dur¬ 
ing the dry season, from October to March, monthly 
precipitation averages 50-100 mm, with a mean tem¬ 
perature of 15-20°C. 

Nine collection sites were selected in the city of 
Macao, mainly gardens or parks, and one cemetery. 
Seven sites were chosen in Taipa, including cemeter- 
ies, parks, farms, a tire factory, and an abandoned 
factory; and eight sites were chosen in Coloane, in¬ 
cluding Seac Pai Van and Cheoc Van parks, large villas, 
youth hostels, a riding school, and a temple. 

Human bait collections were performed using bat- 
tery-powered hand aspirators in Seac Pai Van Park in 
Coloane, to establish the daily activity cycle of mos- 
quitoes and the human daily biting rate of Ae. albop- 
ictus. During the wet season, 11 collection periods 
ranging from 5 to 24 h each were performed by one to 
three teams of two people, thus covering all hours of 
the day. Each hour was covered by at least four such 
collection periods. In the dry season, three teams of 
two people covered a period of 13 h, 0600-1900 hours 
simultaneously. 

To understand the exophagic and endophagic be- 
havior of Ae. albopictus, human bait collections were 
carried out simultaneously indoors and outdoors, for 
a period of 2 h in the morning (0630-0830 hours) and 
evening twilight (1730-1930 hours), after complete 
removal of indoor resting mosquitoes. Human biting 
rate per person and hour were calculated for each 
situation. Three collection sites were selected: a 
greenhouse in Lou Lim loe garden in Macao city, a 
human residence at a goose farm on Taipa Island, and 


the guard shack at Seac Pai Van Park on Coloane 
Island. 

Indoor resting mosquitoes were collected for the 
endophily/exophily characterization and determina- 
tion of bloodmeal origin of Ae. albopictus. Outdoor 
mosquitoes resting in the vegetation and natural shel- 
ters were collected with a backpack aspirator (Clark 
et al. 1994). CDC light traps baited with C0 2 (New- 
house et al. 1966) were used for nocturnal collections 
in most of the above-mentioned locations. 

Mosquito Identification and Processing. Mosqui¬ 
toes were frozen after collection and later identified 
on chilled tables. Ae. albopictus females were divided 
in two main groups: those for arbovirus detection, 
which were frozen in liquid nitrogen, and those for 
parity determination, which were frozen at — 70°C. 
The latter were dissected, and their ovaries removed 
and classified according to Christophers and Mer 
stages (Forattini 1965) and examined by the method 
of Detinova (1963) for the observation of the trache- 
ole coils and classified as nulliparous or parous. 

Freshly blood-fed Ae. albopictus females aspirated 
from vegetation and indoor resting sites were dis¬ 
sected and their midguts squashed onto Whatman no. 
1 filter paper. Papers were dried and stored with silica 
gel at room temperature. 

Mosquito Bloodmeal Source Identification. Mos¬ 
quito bloodmeal source was identified using a two-site 
enzyme linked immunosorbent assay (Simoes et al. 
1995). Antibodies against human, dog, pig, chicken, 
goat/sheep, and rat/mouse immunoglobulin G were 
tested. Blood samples of known vertebrates served as 
Controls. Four positive Controls (homologous blood) 
and 12 negative Controls (heterologous blood) were 
applied to every 96-well microtiter píate. Absorbance 
valúes were read at 492 nm, and the cut-off valúes of 
the assays were calculated as the mean plus three 
times the standard deviation of the negative Controls. 

Screening of Field-Caught Mosquitoes for Arbovi- 
ruses. Mosquitoes were pooled according to species, 
collection method, and location, up to 50 individuáis 
per pool. These pools were macerated in 2 mi of 
physiological buffer containing antibiotics and centri- 
fuged. A 0.1-mi aliquot of each clarified supernatant 
was inoculated in duplícate onto Vero cell monolayers 
in six-well plates (Costar, Cambridge, MA), incubated 
at 37°C for 1 h, and then cultured under a 3 mi of 0.5% 
agarose overlay for up to 10 d. Plates were stained with 
neutral red for visualization of viral plaques by adding 
a second agarose overlay containing neutral red either 
on day 2 postinoculation (first replícate) or day 5 
postinoculation (second replícate). 

Endophagic and Endophilic Indexes. Endophagic 
and endophilic indexes (Ribeiro and Janz 1990) were 
determined as follows. 

The endophagic Índex (ENGI) is obtained by the 
formula 

IMBR 

■p , '|vr/~’T — _ 

OMBR + IMBR 
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where IMBR is the indoor human-biting late and 
OMBR is the outdoor human-biting rate. The endo- 
philic Índex (ENLI) is given by the formula 

IRDG 

ENLI = IMBR (i - l)j 

where IMBR is the indoor human-biting rate; IRDG is 
the indoor resting density of gravids (including semi- 
gravids); i represents the length in days of the gonotro- 
phic cycle, lessened by 1 to exelude just fed females; 
and j corrects for mortality, being a function of i and 
of the daily survival rate (p), as follows: 



k=l 


Establishment of I .aboratory Colony of Ae. albop¬ 
ictus. For the estimation of several biological param- 
eters of Ae. albopictus, particularly those necessary for 
the determination of vectorial capacity, a colony was 
established from immature stages collected in the 
field. Insectary conditions were set to mimic condi- 
tions during the wet season, with a temperature of 
25°C, 80-90% RH, and a photoperiod of 16:8 (L:D). 
Emerging adult female mosquitoes were kept individ- 
ually in 2 by 2 by 5-cm cages, after staying with males 
for 24 h. These mosquitoes were offered the possibility 
of blood feeding on human blood for 10 min every day, 
supplied with sugar solution and a wet filter paper for 
egg laying. Bloodmeals, egg batches, and deaths were 
recorded daily for 21 d. Thus, the length of the first (i 0 ) 
and subsequent (i) gonotrophic eyeles were recorded, 
as well as the frequeney of feeding. Life tables were 
constructed and the daily cumulative chance of sur¬ 
vival was calculated according to Kirkwood (1988). 

Daily survival rate (p) of Ae. albopictus was calcu¬ 
lated by the formula Vy/M, where i 0 is the length of the 
first gonotrophic cycle and M is the parity rate (Da- 
vidson 1954), or by the formula d v/P, in which d is the 
number of days that the study lasted and P the pro- 
portion of females alive by the end of that period. 

Vectorial capacity, C (the number of new poten- 
tially infectious mosquito bites for each day a person 
is infectious) of the Macao Ae. albopictus population 
was calculated as 

m a 2 p n 

C = Z I^P 

in which ma is the human daily biting rate, with m as 
the mosquito density in relation to humans and a as the 
human biting habit; p is the daily survival rate of the 
mosquitoes, and n is the extrinsic incubation period 
(in days) of dengue viruses in Ae. albopictus (Garrett- 
Jones 1964). 

Statistical Analysis. Means for all observations were 
calculated and compared by paired or unpaired Stu- 
dent’s t-tests. Feeding frequeney and daily survival 
data were compared by Mantel-Haenszel y 2 (Kirk¬ 
wood 1988). Statistical tests were performed using the 
statistical package Nanostat (London School of Hy- 


giene and Tropical Medicine, University of London, 
London, England). 

Results 

Mosquito Abundance. In total, 10,909 mosquitoes 
were collected, with similar effort expended during 
both dry (660 collecting hours) and wet seasons (684 
collecting hours). However, the yield was higher in 
the wet season (11 mosquitoes/h) than in the dry 
season (five mosquitoes/h). Ae. albopictus was the 
most abundant mosquito in Macao, with 48% of all 
mosquitoes caught being Ae, albopictus females 
(5,237) and 29% Ae. albopictus males (3,131). 

The other species caught were Anopheles (Anoph- 
eles) sinensis Wiedemann, 1828; Aedes (Stegomyia) 
w-albus (Theobald 1905); Armigeres (Armigeres) sub- 
albatus (Coquillett, 1898); Armigeres (Leicesteria) 
magnus (Theobald 1908); Coquillettidia (Coquillet- 
tidia) crassipes Van der Wulp, 1881; Culex (Culex) 
bitaeniorhynchus Giles, 1901, Culex (Cidex) quinque- 
fasciatus Say, 1823; Culex (Culex) sitiens Wiedemann, 
1828; Cidex (Culex) tritaeniorhynchus Giles, 1901; 
Culex (Culex) vagans Wiedemann, 1828; Culex (Culex) 
vishnui Theobald, 1901; Culex (Culiciomyia) pallido- 
thorax Theobald, 1905; Culex (Lcydwceraomyia) ru- 
bithoracis Leicester 1908; Culex (Lcqdioceraomyia) 
sumatranus Brug, 1931; Mansonia (Mansonioides) uni- 
formis (Theobald 1901); Uranotaenia (Uranotaenia) 
edwardsi Barraud, 1926; and Uranotaenia (Uranotae¬ 
nia) macfarlanei Edwards, 1914, corresponding to 46% 
of the 37 mosquito species known from Macao (Ramos 
et al. 2000, 2002). 

As to the collection methods, human-baited collec- 
tions were carried out for 146 h, yielding 52 mosqui¬ 
toes /person/h, of which 94% were Ae. albo/nctus. 
CDC light traps baited with C0 2 , used for 1,188 hours, 
attracted 1.8 mosquitoes/h, of which only 3% were Ae. 
albopictus. Despite having been used for the least time, 
11 h, backpack aspirator collections from vegetation 
gave the highest yield, 110 mosquitoes/h, of which 
98% were Ae. albopictus. Indoor resting collections 
were least efficient. 

The yield of the human-baited collections increased 
from the dry to the wet season, from 19 to 60 mos¬ 
quitoes/person/h, with Ae. albopictus maintaining a 
share of 94%. On the contrary, the yield of CDC traps 
decreased from the dry to the wet season, from 2.9 to 
0.5 mosquitoes/h, respectively, mainly due to the de¬ 
crease of species other than Ae. albopictus. However, 
the yield from backpack aspiration was not signifi- 
cantly changed between seasons. Ae. albopictus, com¬ 
pared with remaining species, has a similar proportion 
between seasons, in both human baited (93% dry, 94% 
wet) and backpack aspiration (98% in both seasons) 
collections. However, in CDC collections, Ae. albop¬ 
ictus has a higher proportion in the wet season com¬ 
pared with the dry season (17% versus 0.01%, = 

196.8, df = 1, P = 0.0000). Considering all colíection 
methods, Ae. albopictus accounted for 40% of the mos¬ 
quitoes collected in the dry season and 91% in the wet 
season (/. = 3310, df= 1, P = 0.0000). The proportion 
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hours 


Fig. 1. Daily activity cycle of mosquitoes in Macao, China, in the dry and wet seasons. Ae. albopictus females and males 
and mosquitoes belonging to other species caught by human-baited landing catches. 


of females Ae. albopictus only revealed differences 
between the human-baited collections with a de¬ 
crease from the dry, 72%, to the wet season, 62% (y 1 . 
= 21.9, df = 1, P = 0.0000), which was diluted in the 
total collecting methods, not revealing differences be¬ 
tween seasons, 65% in the dry and 62% in the wet 
season. 

Taipa was the región with the highest mosquito 
abundance, with 17.3 mosquitoes/ person/ h in the cre¬ 
puscular human-baited collections. Coloane was next 
with 7.8 mosquitoes/person/h, and finally the city of 
Macao with 2.8 mosquitoes/person/h, with most mos¬ 
quitoes collected in the gardens. 

Daily Activity Cycle. The daily activity cycle of 
human biting mosquitoes in Macao was assessed 
through human-baited landing. In both seasons, Ae. 
albopictus was the most abundant human-biting mos¬ 
quito (Student-Fisher t, P < 0.01) (Fig. 1). 

Collections performed in the wet season revealed 
two activity peaks for Ae. albopictus, coinciding with 
crepuscular dawn, 0600-0800 hours, and dusk, 1800- 


2000 hours, with an average of 48.6 female mosquitoes 
in the morning peak and 38.9 female mosquitoes in the 
evening peak. Between these peaks, the activity was 
lower but never nuil. The activity profile of the coin¬ 
ciding 13-h period measured in the dry season re¬ 
vealed a similar pattern, with identical peaks (Fig. 1), 
although with much lower densities (Student-Fisher 
t,P < 0.01). Male Ae. albopictus had coincident morn¬ 
ing peaks, but their evening peaks preceded those of 
the females by «“1 h (1600-1700 hours), in both wet 
and dry seasons. Frequently, male swarms preceded 
female biting activity, with copulation attempted dur- 
ing blood-feeding of females. Couples copulating in 
flight were often observed. Although similar in the 
peaks, male densities were lower than female densities 
for the remaining observation periods. The other spe¬ 
cies showed a peak at 1800 hours of approximately 
eight mosquitoes/person/h, after which a low but 
constant activity was kept through the night and 
ceased at dawn, again similar in both seasons for the 
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□ F albo, out 
■ F albo, in 
a M albo, out 

□ M albo, in 
oro F o.s., out 
B F o.s., in 


Fig. 2. Human baited mosquito collections, simultaneously outdoors (out) and indoors (in), for the morning (0630-0830 
hours) and evening (1730-1930 hours) periods, in Coloane, Taipa, and Macao península, represented as percentage of mean 
mosquitoes/person/h for each location, and period. F.albo, female Ae. albopictus ; M.albo, male Ae. albopictus ; F.o.s., females 
of other species. 


coinciding observation period (Student-Fisher t,P> 
0.05). 

Ae. albopictus were thus the most important of the 
human-biting mosquitoes in Macao, with a mean daily 
human biting rate of 314 females/person/d in the wet 
season. Because the observations carried out in the dry 
season had identical trends to the corresponding pe¬ 
riod in the wet season, we estimated a human biting 
rate of 94 females/person/d. 

Exophagic and Endophagic Behavior. Human- 
baited collections indoors and outdoors confirmed Ae. 
albopictus as the most abundant anthropophilic mos¬ 
quito, ranging from 87 to 100% of the collections (Ae. 
albopictus both sexes, in relation to total collections) 
(Fig. 2). The proportion of Ae. albopictus females 
feeding outdoors ranged from 71 to 86%, whereas 14 
to 29% fed indoors (paired /-test t = —3.5, P < 0.05). 
The predominantly exophagic behavior was con¬ 
firmed by a low endophagy índex, which ranged from 
0.17 to 0.25. 

Exophilic and Endophilic Behavior. We collected 
only 11 Ae. albopictus females indoors, 10 in one house 
in Taipa, and one in the horse riding school in Coloane. 
Only two (18%) were gravid. Therefore, the endoph- 
ily índex could only be determined in Taipa, yielding 
a valué of 0.09, which pointed clearly to exophilic 
behavior. 

Feeding Preferences. In total, 52 bloodmeals were 
examined (Table 1), which included earlier collec¬ 
tions from Taipa and Coloane (Hamos et al. 1997). 
Humans seem to be the favorite hosts for Ae. albopictus 
as indicated by a human blood Índex of 0.37 for 
Coloane specimens and 0.64 for Taipa specimens (Ta¬ 
ble 1). In Taipa, the secondary origin of the blood¬ 
meals was dogs (0.15), and a large proportion re- 
mained unknown (0.23). In Coloane, many other 
hosts, such as chickens (0.32), dogs (0.16), horses 
(0.08) and goats (0.05), provided bloodmeals to Ae. 


albopictus. Mixed bloodmeals occurred at a low rate 
(0.05). Bloodmeals tested were negative to cow, rab- 
bit, pig, and rat blood. Overall, anthropophily or the 
human blood índex in Coloane and Taipa is =0.44. 

Parous Rate. For the determination of the parous 
rate of Ae. albopictus, 176 field-caught Ae. albopictus 
females were dissected, of which 93 were parous 
(52.8%). However, if we consider those in stage V as 
parous (Hamon 1963), parous rate rises to 56.8%. 

Screening of Field-Caught Mosquitoes for Arbovi- 
ruses. In total, 4,150 mosquitoes (2,268 Ae. albopictus, 
four An. sinensis, 18 Ar. subalbatus, two Ar. magnus, 12 
Cq. crassipes, 39 Culexquinquefasciatus (Say),1,651 Cx. 
sitiens, and eight M. uniformis) were screened for 
arboviruses by plaque assay, in 131 pools, and no cy- 
thopatic effect was detected. 

Feeding Frequency and Gonotrophic Cycle. The 
remaining bioecological parameters of Ae. albopictus 
had to be studied based on the observations of a 
laboratory colony, established for that purpose. Ae. 
albopictus females were monitored for 21 d. 

The number of bloodmeals taken by colony females 
(n = 54) allowed us to determine the daily feeding 


Table 1. Blood preferences of female Ae. albopictus , as tested 
by ELISA, for tbe islands of Taipa (n = 14) and Coloane (u = 38) 


Blood source 

Taipa 

Coloane 

Combined 

Human 

64 (9) 

37 (14°) 

44 (23) 

Chicken 


32 (12°) 

23 (12) 

Dog 

15 (2) 

16 (6) 

15 (8) 

Horse 


7.9 (3) 

5.8 (3) 

Goat 


5.3 (2 o ) 

3.8 (2) 

Negative/ other 

23 (3) 

2.6(1) 

7.7 (4) 


Percentages of positive results are followed by actual positive sam- 
ples for each type of host blood in parentheses. 

a Mixed bloodmeals: one with human/goat blood, and one with 
human/chicken blood. 
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Table 2. Computations of the vectorial capacity of Ae. albopictus in Macao for dengue virases (1997—1998) for a 10-d extrinsic 
incubation period (Hawley 1988) 


Mean human-biting rate (ma) 

Wet season (314 mosquitoes/person/d) 

Dry season (94 mosquitoes/person/d [estímate]) 

Human blood Índex (HBI) 


0.44 


Feeding frequency (f) 


0.31 bloodmeal/d 


Human biting habit (a) 
a = HBI X f 


0.138 


Duration of first gonotrophic cycle (i 0 ) 


10.7 d 


Parous rate (M) 

Daily survival rate (p) 

from parous rate 

0.568 

from proportion alive 


0.948 


0.966 

Vectorial capacity (C) 

Wet season 

482 


880 

Dry season 

144 


263 


frequency which was 0.31 bloodmeals per days (262 
bloodmeals in 839 female-days). This means roughly a 
bloodmeal every 3.2 d. The proportion of females that 
blood fed was 98%; however, only 28% laid eggs, pos- 
sibly due to a low insemination rate in females exposed 
to males for only 24 h. The majority of females (90%) 
had taken their fírst bloodmeal by the end of the third 
day. 

Females that laid eggs in the laboratory had a first 
gonotrophic cycle (i 0 ) of 10.67 ± 4.75 d (mean ± SD) 
and the subsequent mean gonotrophic cycles of 4.14 ± 
1.77 d, significantly shorter (unpaired f-test, t = 4.385, 
P = 0.0001). 

Daily Survival Rate (p). The p valué was calculated 
using M = 0.568 and i 0 = 10.67 and the formula p = 
l0 \/M (Davidson 1954), resulting in P = 0.948. 

An alternative approach to calculating p used ob- 
servations from the laboratory colony. The proportion 
of laboratory females alive at the end of the 21 d of 
observation, was 48.1%, then p = 21 \/0.481 = 0.966. 

Vectorial Capacity. We calculated this valué based 
on field parameters observed in the wet season, par- 
ticularly the mean human biting rate, and on the col¬ 
ony of Ae. albojnctus. The C valué thus took two valúes, 
according to which method for estimating the daily 
survival rate was used. With p estimated on the parous 
rate, we calcúlate C = 482 (Table 2). However, sur¬ 
vival rate based on the proportion of females that 
survive in the laboratory gave C = 880. The corre- 
sponding valúes for vectorial capacity in the dry sea- 
son, with an estimated human daily biting rate of 94 
mosquitoes/person/d, would be C = 144 and 263. 

Discussion 

Ae. albopictus was by far the most abundant mos¬ 
quito in the territory of Macao, China, accounting for 
77% of the total mosquitoes collected, confirming pre- 
vious surveys (Ramos et al. 1997). Given its vector 
status for a variety of arboviruses, including dengue 
viruses, this mosquito should be considered a public 
health threat in Macao. Other mosquito species col¬ 
lected were present in low numbers, generally bite at 
night when most people are indoors and therefore 
protected from exposure to mosquitoes. Considering 
these mosquito species are not competent vectors of 


dengue viruses, they should not be considered impor- 
tant in terms of public health. 

Ae. albopictus was also the most abundant human- 
biting mosquito, in either season, although abundance 
decreased in the dry season. In human-baited or back- 
pack aspirator collections, 94 and 98%, respectively, of 
the mosquitoes caught were Ae. albopictus. The aspi¬ 
rator collections from vegetation would be expected 
to detect large numbers of nonhuman-biting mosqui¬ 
toes if they were present. This method was also the 
most efficient for collecting Ae. albopictus, yielding 
110 mosquitoes/h. This study indicates that human 
landing collections and aspirator collections from the 
vegetation are more efficient at capturing Ae. albop¬ 
ictus than are C0 2 baited CDC light traps. These failed 
to attract this species, as previously shown in earlier 
studies by Parsons et al. (1974), Freier and Francy 
(1991), and Jensen et al. (1994). 

Of the three Macao regions, Taipa had the highest 
abundance of Ae. albopictus followed by Coloane, 
whereas the Macao península had the lowest abun¬ 
dance. This is perhaps due to the lesser urbanization 
and higher number of larval habitats in Taipa and 
Coloane compared with the city (Novo 2000). The 
abundance of larval habitats in Taipa, particularly in 
the cemetery, where Ae. albopictus was the predom- 
inant species (Novo 2000), clearly explains the higher 
valúes. The Macao península had the lowest abun¬ 
dance probably due to the high urbanization and cor- 
roborated by the finding of Ae. albopictus mainly in 
gardens. Ae. albopictus has been described as essen- 
tially a rural and suburban mosquito, which is regularly 
encountered in cities with vegetation (Hawley 1988). 

Peak biting activity for Ae. albopictus was clearly 
bimodal, with morning and evening twilight peaks for 
both sexes and in both seasons, as observed elsewhere 
in Southeast Asia (Hawley 1988, Hassan et al. 1996). 
Contrary to observations in Singapore and the Phil- 
ippines (Ho et al. 1971, Basio and Santos-Basio 1974), 
the dawn peak in Macao was higher than the evening 
peak. However, we observed activity during all 24 h. 
These observations were carried out in the highly 
forested Seac Pai Van Park in Coloane, which may 
have accounted for this continuous baseline activity. 
Less pronounced bimodal peaks have been reported 
in areas shielded with vegetation from the midday sun 
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(Macdonald and Traub 1960). We did not register a 
1230-hour peak as in Malaysia (Hassan et al. 1996). 
Although Ae. albopictus reportedly rarely bites at night 
(Hawley 1988), we registered low but continuous bit- 
ing activity throughout the night. This continuous 
activity may be due to strong attraction for human bait 
not normally present in forested habitat (Arneras- 
inghe and Ariyasena 1991). 

Humans were the most common bloodmeal source 
for Ae. albopictus in Macao, which further emphasizes 
its importance as a potential human pathogen vector. 
The elevated human blood Índex (HBI) observed on 
Taipa compared with Coloane is in agreement with 
the higher urbanization and higher human population 
density of the former. Human blood Índex determi¬ 
naron is one of the most crucial parameters in the 
vectorial capacity model, and great care shoukl be 
taken to avoid sampling bias (Garrett-Jones 1964, Gar- 
rett-Jones et al. 1980). Besides being small (n = 52) 
our collection of engorged specimens may have been 
biased as it resulted from indoor resting collections in 
human and animal dwellings, and no bloodfed mos- 
quitoes were caught on the vegetation. However, sim¬ 
ilar anthropophily for this species has been reported 
previously (Hawley 1988). 

Ae. albopictus is an opportunistic feeder upon most 
groups of vertebrates, including birds, reptiles, and 
amphibians, although preferring mammals (Colless 
1959, Gould et al. 1970, Jumali et al. 1979, Savage et al. 
1993, Niebylski et al. 1994). In Macao, we also ob¬ 
served opportunistic behavior of this species, because 
avian blood was detected in engorged females almost 
as frequently as human blood in Coloane, a forested 
island with few human inhabitants. Ae. albopictus is 
known to prefer outdoors (Rozeboom and Cabrera 
1964, Gould et al. 1970, Chan 1971, Lambrecht 1971, 
Jumali et al. 1979). In Macao, Ae. albojnctus fed pref- 
erentially outdoors and rested even less indoors, based 
on exophagy and endophagy and exophily and en- 
dophily indexes described by Ribeiro and Janz (1990). 

About half of the Ae. albopictus fernale population 
from Macao were parous, which is very similar to that 
found in neighboring countries, such as Singapore 
(55%) or Thailand (61%), and within the range ob¬ 
served for this species in Asia, 18 to 68%, with a median 
of 55% (Hawley 1988). The parity rate from the colony 
females was only 28%, clearly not realistic and much 
lower than other laboratory studies showing 100% 
parity in a fírst cycle (Gubler and Bhattacharya 1971). 
Parity rate of a mosquito population is a critical factor 
in epidemiological entomology, because the biting 
rate increases in parous, older, and larger females 
(Xue and Barnard 1996). A high parous rate is also an 
indicator of longevity, or high daily survival rate (Da- 
vidson 1954). However, sampling method affects the 
parity rate. For example, the collection of indoor- 
resting mosquitoes is likely to yield gravid females of 
anopheline mosquitoes (Garrett-Jones and Shidrawi 
1969). This was not the case with Ae. albopictus be- 
cause our indoor resting collection was very unpro- 
ductive and most mosquitoes for parity determination 
carne from human-baited collections. 


The length of the gonotrophic cycle is often calcu- 
lated as the inverse of the daily feeding frequency. 
However, this only applies when there is one blood¬ 
meal per gonotrophic cycle (Garrett-Jones and 
Shidrawi 1969, Klowden and Briegel 1994). This was 
clearly not our case because females in the laboratory 
averaged 3.4 bloodmeals per gonotrophic cycle. The 
length of the gonotrophic cycle of Ae. albopictus varíes 
between 3-5 d in India, Vietnam, Singapore, and China 
(Hawley 1988). However, the length of the fírst 
gonotrophic cycle we measured in the laboratory was 
=10 d, clearly above previous reports of laboratory 
data (Gubler and Bhattacharya 1971, Hien 1976b). 
The reduced dimensions of the cages may have influ- 
enced the mosquitoes’ behavior. Alternatively, some 
females may have needed a second engorgement to 
stimulate oviposition (Hawley 1988). However, the 
mean of all gonotrophic cycles we registered was 4.1 d, 
similar to 4.6 d found by Gubler and Bhattacharya 
(1971). Strain differences and our small sample size 
also may explain the divergence. 

The length of the gonotrophic cycle is required to 
estímate the daily survival rate (Davidson 1954). We 
estimated a survival rate of 94% with the observed 
length of the gonotrophic cycle, but it would be 
slightly less, 91.8%, if we used the published length of 
the gonotrophic cycle, 4.6 d, and added 2 d from 
emergence to the fírst bloodmeal observed by us and 
others (Gubler and Bhattacharya 1971, Hien 1976a, 
Hawley 1988), as the length of the fírst gonotrophic 
cycle. Alternatively, if we consider the length of the 
subsequent gonotrophic cycles in our colony, 4.14 d, 
and add the 2-d interval that the majority of females 
took from emergence to the fírst bloodmeal, survival 
rate would have a similar valué of 91.2%. 

The parity rate of our colony females, 28%, is not 
valid for estimation of the survival rate. It may have 
been negatively biased by the small cage size or by low 
fertilization success in females exposed to males for 
only 24 h. Also, the use of the parity rate for the 
computation of the survival rate assumes a stable pop¬ 
ulation, which is not the case with our colony because 
there were no new entries. The elevated survival rate 
of the colony females also probably is not realistic. 
These arguments suggest that the determination of 
vectorial capacity parameters from field observations, 
rather than laboratory observations, is preferred. 

The vectorial capacity concept developed by Gar¬ 
rett-Jones (1964) after the initial modeling by Mac¬ 
donald (1957) was directed toward the transmission of 
malaria by anopheline mosquitoes. Few studies have 
adapted this epidemiological entomological indicator 
to transmission of dengue or other arboviruses. Some 
of the parameters in the vectorial capacity formula 
have been previously estimated for Ae. albopictus, 
although vectorial capacity itself (the number of po- 
tentially infective bites by a local mosquito population 
that fed on one patient for one day) has not yet been 
reported. 

Our computations of the vectorial capacity of Ae. 
albopictus from Macao were based on field and labo¬ 
ratory data and resulted in two valúes very different 
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from each other, 482 and 880. The excessively high 
vectorial capacity of 880 uses an artificially high sur- 
vival rate from colony mosquitoes. The valué of 482 is 
based on the parity rate from field mosquitoes and the 
length of the fírst gonotrophic cycle from laboratory 
mosquitoes, which was several days longer than that in 
published data, 4.6 + 2 d (Gubler and Bhattacharya 
1971). The computation of the daily survival rate by 
using this published valué and our observed parity rate 
would be 91.8%. This is similar to the rate of 88% 
(Hawley 1988) and calculations using these two rates 
result in vectorial capacity computations of 95 and 215, 
respectively. 

Human daily biting rate was much lower in the dry 
season than in the rainy season, 94 opposed to 314, 
respectively. Correspondingly, the vectorial capacity 
had lower valúes. The vectorial capacity of any mos¬ 
quito population is density-dependent, and this pa¬ 
rameter is measured by the human-biting rate or in- 
cidence of bites per inhabitant per day (Garrett-Jones 
and Shidrawi 1969). The importance of this parameter 
has been highly stressed and constitutes a measurable 
and realistic indicator of human exposure to mosquito- 
borne diseases (Dye 1986, 1990). Our human daily 
biting rate should be considered a worst-case scenario, 
because the biting density measured in Coloane is 
definitely higher than that registered in the city of 
Macao, where most human population resides. If we 
projected the peak biting data from the study of the 
exophagic and endophagic behavior, by using the out- 
door biting rates, assuming a similar diel pattern of 
activity and proportionate distribution of mosquitoes 
throughout the 24 h day, human daily biting rate in 
Taipa would be 248 mosquitoes/person/d; in Coloane, 
111 mosquitoes/person/d; and in Macao, 39 mosqui¬ 
toes/person/d. The corresponding vectorial capaci- 
ties, by using 88% as daily survival rate (Hawley 1988), 
or our finding 91.8%, would be, respectively, 75 and 
170 for Taipa, 34 and 76 for Coloane, and 12 and 27 for 
Macao city. An obvious difference can be seen be- 
tween the three localities, and even in Coloane a wide 
range of variation can be expected in the same season. 
We should note that our calculation for vectorial ca¬ 
pacity in the dry season uses some parameters derived 
from colony mosquitoes maintained in wet-season 
conditions and therefore may be biased in a positive 
direction. In the same way, with a lower environmen- 
tal temperature in the dry season, vectorial capacity 
would be decreased due to a longer extrinsic incuba- 
tion period. 

The Macao climate seems to be optimal for the 
survival of Ae. albopictus, and thus the conditions 
could favor the transmission of dengue or other ar- 
boviral diseases. The high biting activity, parous rate, 
and anthropophily are all good indicators of this con¬ 
clusión. The estimated valúes of the vectorial capacity 
of Ae. albopictus to dengue in Macao are high, thus this 
territory is very receptive to this arboviral disease. 

Although at the time of this survey all the mosqui¬ 
toes screened were negative for arboviruses, and only 
imported cases had been registered in Macao, the first 
notified dengue cases of autochthonous transmission 


were registered in 2001, when an outbreak with 1,418 
cases occurred (Lim 2002, Chan and Chao 2002, Maia 
Trindade 2002). Dengue incidence has been increas- 
ing in Southeast Asia (Gibbons and Vaughn 2002, 
WHO 2002), and the current trend of global warming 
may further exacérbate its increase (Jetten and Focks 
1997). The vectorial capacity valúes herein stated ex- 
plain such outbreaks. Although we cannot assume that 
the entomological parameters at the time of the out¬ 
break were similar to those we measured 3-4 yr be- 
fore, the lower valúes for human biting rate and vec¬ 
torial capacity in the city compared with the islands 
may explain why the outbreak clid not result in even 
more cases. 

The outbreak was mainly located in the “inner har- 
bor” area of the city of Macao where boat houses were 
found infested with larvae. Other larval habitats iden- 
tifíed included discarded rubber tires along the wharf, 
ornamental flower vases in and outside houses, water 
jars and barréis, and underground drains (Maia 
Trindade 2002). Such larval habitats had already been 
found in this area of town, in high numbers and with 
high breeding indexes (Ramos et al. 1997, Novo 2000). 

Despite that some studies claim that there is little or 
no association between entomological population pa¬ 
rameters and dengue cases, and although the míni¬ 
mum threshold of dengue vector density has not been 
scientifically defined (Service 1993, Reiter and Gubler 
1997), the work described herein suggests that Macao 
was highly receptive to dengue, which the recent past 
carne to demónstrate. 
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